We report on the first integration of a resonant tunneling diode and an optical communications laser operating at 1550nm to form an electrically bistable device suitable for Non-Return to Zero (NRZ) modulation.
Introduction
Compared to a discrete semiconductor laser, the monolithic integration of a resonant tunneling diode (RTD) with a semiconductor laser improves the device for optical communications applications. The RTD acts as a voltage controlled switch for the laser, and makes the device electrically bistable making it particularly convenient for Non Return to Zero (NRZ) digital modulation. Digital signals with low power can be employed to switch the device between on and off and the high speed modulation characteristics of the laser will be improved by the smaller drive powers required. Furthermore, integration of a RTD fits well with the vertical stack arrangement of the epitaxial layers that make up a semiconductor laser and so it is easily achieved simply by introducing two barrier layers close to the contact layer. Grave et al 1 have demonstrated a similar device in the GaAs/AlGaAs material system and have demonstrated its application as an optical two state memory but in this work we are targeting optical communications applications. Device Layout A suitable wafer for the device was grown by molecular beam epitaxy, and consisted of a double barrier AlAs/InGaAs/AlAs RTD and a multiple quantum well laser based on 6 InAlGaAs/InGaAs quantum wells and designed to work at 1550nm. Devices were fabricated based on the ridge waveguide laser design shown in figure 1.
Figure (1) Caption: Cross-section (not to scale) of the layout of the ridge waveguide RTD Laser The RTD was placed above the laser part of the device. RTDs usually operate with ntype material and therefore in this design it was more convenient to use a P-type InP substrate.
Principles of Operation
The principles of device operation are as follows: The RTD exhibits negative differential resistance (NDR), i.e. as the RTD voltage rises above a threshold value (Vpeak) the RTD current drops steeply from its peak value (Ipeak) to a lower value (Ivalley ). By ensuring that the laser threshold current, Ith, lies between the RTD peak and valley currents (Ipeak > Ith > Ivalley ), then the optical output of the laser will switch off (on) as the RTD voltage is increased (decreased). The NDR of the RTD combined with the laser diode characteristic makes the device electrically bistable and when DC biased in the middle of the hysteresis loop only small electrical pulses are required to make the device switch from the on to the off state.
Results
The DC electrical and optical characteristics of the device are shown in figure (2a) and figure (2b). To obtain CW laser operation the device was operated at a temperature of 130K. 
Conclusions
From figure(2) we can see that clearly the device is electrically bistable and thereby optically bistable. The width of the hysteresis loop is 1.5V and so when DC biased to the middle of the loop a +0.75V pulse will switch the laser to the on state and -0.75V will switch it to the off state. There is 30dB difference in the laser output power between the on and off states -so a +0.75V pulse can provide 30dB of modulation. Further improvement of this device will include better laser design to obtain higher temperature CW operation and lower series resistance to obtain a smaller width of hysteresis loop. Further investigation of its operation will include, characterising the high speed operation and the noise.
